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(57) ABSTRACT

A magnetically inductive flow meter having a measuring
tube with a wall, which includes an electrically insulating
surface of a first material, and an electrode having an
electrode axis, wherein the electrode has at least one elec-
trode end surface for tapping oflf a measuring signal, in
particular a measuring voltage, in a measuring medium, and
has an electrode shank extending through the measuring
tube wall, wherein the electrode has a stop projecting from
the electrode shank with a stop surface to limit the displace-
ability of the electrode relative to the wall along the elec-
trode axis, wherein the electrode has an electrically msulat-
ing coating in a region of the electrode shank and 1n a region
of the stop surface, wherein the maternial of the electrically
insulating coating has a Shore hardness which 1s equal to or
lower than that of the first material.
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MAGNETIC INDUCTIVE FLOW METER
HAVING AN INSULATED ELECTRODLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s related to and claims the
priority benefit of German Patent Application No. 10 2016

123 123.1, filed on Nov. 30, 2016 and International Patent
Application No. PCT/EP2017/075924 filed on Oct. 11,
2017, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a magnetically inductive
tlow meter.

BACKGROUND

Magnetically inductive flow meters are used for measur-
ing the tflow of a measuring medium 1n a pipeline. An
clectrically insulating lining, what 1s known as a liner, 1s
typically used within the measuring tube in these flow
meters.

A magnetically inductive flow meter typically has mea-
suring electrodes and an electrode for monitoring {ill level,
what 1s known as an electrophoretic deposition (EPD)
clectrode.

In many instances, electrodes are guided out through the
tube wall of a measuring tube of the magnetically inductive
flow meter, as a result of which an object results to particu-
larly seal the opening of the measuring tube wall through
which the respective electrode, the measuring electrode, or
the EPD electrode 1s guided.

An additional challenge arises given the use of the flow
meter 1n the food and/or drinking water sector. In this
context, the sealant for sealing the opening should also be
approved for use 1n the drinking water and/or food sector.

Furthermore, when selecting the sealant 1t must be taken
into account that the sealant does no damage to the material
of the measuring tube adjoining the electrode 1s not damaged
when the electrode 1s introduced.

Thus, multiple criteria must be taken into account in
designing the sealant. Often, compromises must thereby be
accepted 1n the processing and shaping.

The generic DE 10 2007 005 898 Al and WO 2008/
092794 Al each disclose a magnetically imnductive tlow
meter having a measuring tube, a measuring electrode with
an electrode head, and an electrode-fixing arrangement,
wherein the measuring tube has an electrically insulating
lining. Arranged between the electrically insulating lining
and the electrode head 1s a sealing means (reference numeral
19) which 1s formed as a P1FE sealing ring.

The arrangement of the measuring electrode on the mea-
suring tube and the sealing means of the aforementioned
prior art have already been fundamentally proven to be very
reliable; however, starting from the aforementioned prior
art, 1t 1s the object of the present mvention to achieve a
turther improvement 1n the sealing.

SUMMARY

This object 1s achieved by a magnetically inductive flow
meter according to the present disclosure.

A magnetically imnductive flow meter according to the
invention comprises a measuring tube with a measuring tube
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wall which has an electrically 1nsulating surtace made of a
first material. The measuring tube may comprise an electri-
cally insulating material or a metallic support tube provided
with an electrically insulating lining.

The flow meter has at least one first electrode with an
clectrode axis. The electrode may be a measuring electrode
or an EPD electrode. In a particularly preferred embodiment
variant, all electrodes of the flow meter 1n the measuring
tube are formed like the electrode explained 1n detail below.

The electrode has at least one electrode end surface for
tapping ofl a measuring signal, 1n particular a measuring
voltage, 1n a measuring medium.

The electrode also has an electrode shank which extends
through the measuring tube wall. For this purpose, an
opening 1s preferably provided in the measuring tube wall.
The electrode seat can be flat or conical, for example.

The electrode has a stop projecting from the electrode
shank and having a stop surface which limits the ability of
the electrode to be displaced relative to the measuring tube
wall along the electrode axis.

The electrode has an electrically insulating coating at least
in a region of the electrode shank and at least 1n a region of
the stop surface.

The material of the electrically insulating [sic] thereby has
a Shore hardness which 1s equal to or less than that of the
first material which forms the electrically insulating surface
ol the measuring tube.

On the one hand, the coating enables an optimal sealing
along the electrode shank, even into the opening of the
measuring tube. Moreover, the electrically msulating mate-
rial of the measuring tube 1s not damaged when the electrode
1s atlixed.

Further advantageous embodiments of the imnvention are
the subject matter of the dependent claims.

The measuring tube can advantageously have an impres-
sion for receiving the electrode.

It 1s advantageous if the coating completely covers the
stop surface. This thereby reduces the tendency of peripheral
staining and deposits.

The stop surface 1s advantageously part of an electrode
head contacting the medium in the intended operation, as a
result of which optimum sealing 1s achieved.

The measuring tube 1s advantageously designed as a
metallic support tube and an electrically 1nsulating lining. In
the event of a plastic tube, a cross-sectional widening can
take place at higher pressures. This typically does not occur
in the event of a metallic support tube.

The electrode head can have the electrode end surface,
wherein the electrode head 1s rounded in the region of the
clectrode end surface to optimize the measured value detec-
tion.

The electrically insulating coating may advantageously be
formed as an epoxy resin-based coating, a silicone-based
coating, or a polyamide-based coating. An epoxy resin-
based coating approved for drinking water, or a polyamide-
based coating approved for drinking water, 1s thereby par-
ticularly preferred. Very particularly preferred 1s a PA1l-
and/or PA12-based coating.

The first material of the measuring tube can advanta-
geously be formed as an epoxy resin-based material, a
ceramic material, or, preferably, a polyamide-based mate-
rial, 1 particular a PA11- and/or PA12-based material.

The Shore hardness of the coating of the electrode 1s
advantageously less than Shore D=73.

The electrode may advantageously be athixed to the
measuring tube by a resilient fixture. A damage when the
clectrode 1s athixed 1s thereby additionally prevented, and a
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compensation for material expansions at larger temperature
differences between the manufacturing temperatures of
10-30° C. and the operating temperatures 1s achieved.

The layer thickness of the coating can advantageously be
more than 300 um; 1n particular an advantageous average
layer thickness of the coating can be between 320 and 1000
L.

The stop surface can extend perpendicular to the electrode
axis 1n a simple manner 1n terms of manufacturing technol-
0gy.

As an alternative to the vertical arrangement, the stop
surface can also extend radially with respect to the electrode
axis, wherein the electrode 1s conical 1n the region of the stop
surface.

The coating can be materially bonded to the first material
of the measuring tube. This can take place via adhesion or
fusion, for example. An additionally increased sealing integ-
rity 1s thereby achieved.

In a simple manner in terms of manufacturing technology,
the coating may be arranged as a single layer on the
clectrode.

The bonding of the coating to the electrode may espe-
cially advantageously be a hybrid bonding, which 1s char-
acterized in that a chemical bond 1s formed between the
metal and the coating. A detachment of the coating 1s thereby
prevented, and the coating 1s more stable with regard to
abrasion. A hybrid bonding can, for example, be achieved by
activation of the metal surface of the electrode before
application of the coating.

BRIEF DESCRIPTION OF THE DRAWING

The 1mvention 1s described 1n detail below with reference
to a plurality of embodiment variants. In Figures:

FI1G. 1 schematically illustrates a first variant according to
the present disclosure of an arrangement of an electrode on
a measuring tube of a magnetically inductive flow meter;

FIG. 2 schematically 1illustrates a second variant accord-
ing to the present disclosure of an arrangement of an
clectrode on a measuring tube of a magnetically inductive
flow meter;

FIG. 3 schematically 1illustrates a third variant according
to the present disclosure of an arrangement of an electrode
on a measuring tube of a magnetically inductive tlow meter;
and

FIG. 4 schematically illustrates an exemplary embodi-
ment of a magnetically inductive tlow meter according to the
present disclosure.

DETAILED DESCRIPTION

Magnetically inductive flow meters are used in many
ways 1n process and automation technology for fluids having,
an electrical conductivity starting at approximately 5 uS/cm.
Corresponding flow meters are, for example, sold by the
Applicant 1n a wide variety of embodiments for various
fields of application under the name PROMAG.

The measuring principle of a magnetically inductive flow
meter 1 as depicted in FIG. 4 1s known in principle.
According to Faraday’s Law of Induction, a voltage 1s
induced 1n a conductor that moves within a magnetic field.
In context of the magnetically inductive measuring prin-
ciple, the flowing measuring substance or measuring
medium corresponds to the moving conductor. A magnet
system 5 for creating a magnetic field may be formed by two
field coils diametrically arranged on a measuring tube 2, for
example. Arranged orthogonally with respect thereto on the
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internal wall of the measuring tube 2 are two measuring
clectrodes 4 which tap off the voltage generated when the
measuring substance tlows through the tube. The voltage
induced 1s 1n a proportional relation to the tlow velocity and
thus to the volume flow rate. The magnetic field created by
the magnet system 5 can be created by a pulsed direct
current with alternating polarity. This ensures a stable zero
point and renders the measurement 1nsensitive to mfluences
from multiple phase substances, inhomogeneity in the lig-
uid, or low conductivity. Magnetically inductive flow meters
with coil arrangements having more than two magnet coils
and a different geometric arrangement are known.

FIG. 4 shows a magnetically inductive flow meter 1 with
the measuring tube 2 comprising a support tube 10, in
particular a metallic support tube, and an electrically 1nsu-
lating plastic lining 6, what 1s known as the liner, arranged
in the support tube 10.

The measuring tube 2 has two flanges 3 which make it
possible to connect with a process connector. The outer wall
of the measuring tube 2 has the magnet system 3 above and
below the measuring tube axis, which magnet system 1s
presented 1 FIG. 1 1n the form of two magnet coils.

This magnet system generates a magnetic field during
operation of the magnetically inductive tlow meter. When
installed horizontally at the same height as the measuring
tube axis, the two measuring electrodes 4 are diametrically
opposed to each other and tap ofl a voltage generated 1n the
measuring medium during operation. If the volume flow rate
1s to be measured, 1t 1s particularly important that the filling
of the measuring tube 2 be as complete as possible. There-
fore, when installed horizontally at the highest point of the
inner diameter of measuring tube 2, an electrode 8 of a filling
level monitoring system, which 1n the present instance 1s
designed as a measuring substance monitoring electrode, or
EPD electrode for short, can be arranged on the measuring
tube axis. This extends through the wall of the measuring
tube 2, 1.e. through the liner 6 and through the metallic wall
of the support tube 10, and 1s attached to the side of the outer
wall of the measuring tube 2 that faces away from the
medium.

A temperature sensor in the form of a resistance ther-
mometer can be arranged within the EPD electrode.

The measuring and evaluation device 7 enables the opera-
tion of the magnetically inductive flow meter 1, and in
particular the power supply of the magnet system 5, to be
controlled by a power supply system, and 1s connected to the
magnet system via a power supply line and/or signal line 9.

FIGS. 1-3 show respective embodiment variants accord-
ing to the invention which can be selected for anchoring the
measuring electrodes 4, or also alternatively for anchoring
the EPD electrode 8. Each of the vanants of FIGS. 1-3 can
thus be realized with the magnetically inductive flow meter
of FIG. 4.

FIG. 1 shows an electrode 4' which has an electrode head
15 and an electrode shank 16. The electrode head 15 1s
designed as a mushroom head. Such a mushroom-head
shape has an end surface 20 rounded at least at the edge, 1n
particular a uniformly curved end surface. The end surface
20 projects mto the interior A of the measuring tube 2.

The electrode 4' also has a stop surface 19 which limuits the
displaceability R of the electrode 4' along the electrode axis
7. within the hole of the measuring tube wall.

The stop surface 19 1s flat, with a surface plane that runs
perpendicular to the electrode axis Z.

Arranged between the stop surface 19 and the electrically
insulating material of the liner 6 that 1s associated with
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measuring tube 2 1s a coating 13, which extends at least in
regions over the stop surface 19 and over the surface of the
clectrode shank 16.

The coating 13 may thus be divided into a first sub-region
17 along the stop surface 19 and a second sub-region 18
along the electrode shank 16. The sub-regions 17 and 18
merge mnto one another, so that a coating 13 passing through
both sub-regions 17 and 18 results.

The electrode 4' 1s aflixed from the outside to the mea-
suring tube 2 via a fixture. In the specific instance of FIG. 1,
this fixation comprises a fixing means 11, for example for a
screw fixing, and a fixation bearing 12, for example a
bearing disk. The fixation bearing 12 1s shown 1n FIG. 1 as
a spring, in particular as a disk spring, so that a resilient
fixation of the electrode 4' results.

The resilient fixation makes 1t possible to compensate for
higher or lower temperatures, for example for a thermal
material expansion.

Shown 1n FIG. 2 1s an electrode 4" formed in the same
way as 1 FIG. 1. This electrode 4" comprises a {ixing means
21 and a fixation bearing 22 1n the form of a disk spring. A
resilient fixation 1s thereby achieved. The electrode has an
end surface 30 contacting the medium in the intended
operation and a stop face 29 which limits the mobility R of
the electrode 4" relative to the measuring tube wall.

Analogous to FIG. 1, the measuring tube wall 2 has a
metallic support tube 10 and an electrically insulating lining,
6. In contrast to FIG. 1, the measuring tube has a deforma-
tion region in the form of an 1mpression 24 for receiving the
clectrode 4". Thus 1s thus arranged 1n the deformation region
formed radially out from the measuring tube wall. This has
the advantage that the electrode 4" 1s not arranged directly
in the flow of the measuring medium and does not represent
a flow resistance.

The electrode 4" has an electrode head 25 and an electrode
shank 26, as well as a coating 23 which extends along the
stop face 29 arranged on the electrode head 235 and along the
clectrode shank 26. The coating 23 1s thereby arranged 1n
region 27 along the stop surface 29 and in a region 28 along
the electrode shank 26, wherein the regions 27 and 28 merge
into one another. In the context of the present invention, the
clectrode head 25 1s to be understood as a projection relative
to the electrode shank 26.

The stop face 29 has a surface plane which extends
perpendicular to the electrode axis Z. However, 1t 1s also
possible that the electrode 4'" 1s conical 1n the region of the
stop surface, e.g. frustum-shaped. The hole 1n the measuring
tube wall 1s thereby not formed as a vertical hole, but rather
has oblique walls corresponding to the conical shape of the
stop face of the electrode 4™.

FI1G. 3 shows a further variant according to the invention,
with an electrode 4™ and the anchorage thereof in the
measuring tube, wherein the electrode 4™ 1s designed as
what 1s known as a pin electrode. In contrast to the mush-
room head electrode shown in FIGS. 1 and 2, such an
clectrode 4™ 1s mserted from the outside 1nto the measuring
tube so that the end surface 40 of the electrode 4'" that
contacts the medium 1n the intended operation 1s aligned
with the measuring tube wall 2.

The securing of the electrode 4'" to the measuring tube 2
1s not shown 1n more detail but 1s known 1n principle. A pin
clectrode 4" 1s typically used 1n tlow meters with measuring
tubes having small nominal widths, for example smaller

than DN5O0.

Unlike 1n FIGS. 1 and 2, the measuring tube of FIG. 3 1s
formed from a metal support tube 10, wherein the electri-
cally isulating lining 6 located therein also extends over the
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region of the support tube 10 that does not contact the
medium. The lining can be applied 1n one step as a powder
coating or as an immersion coating, for example in the
context of what 1s known as a dip coating. Ideally, the
material of the liner 1s approved for drinking water.

Alternatively, however, a ceramic tube or a plastic tube
can also be used instead of the measuring tube made of a
combination of support tube 10 and liner 6.

The pin electrode has a projection 34, in particular a
plate-shaped projection, which, however, unlike the elec-
trode head, 1s arranged not end-to-end on the electrode shank
36 but rather 1n a central region of the electrode shank 36.

A stop surface 39 of the projection 34 i1s arranged on the
measuring tube from the outside and limits the displaceabil-
ity R of the electrode 4™ along the electrode axis z relative
to the measuring tube 2 and the opening located therein into
which the electrode 4" 1s mserted. The electrode 4'" has an
clectrically insulating coating 33 both 1n the region of the
clectrode shank 36, said region being located in the opening
of the measuring tube, and 1n the region of the stop surface
39. The properties of the coating 33 are analogous to the
coatings 13 and 23 of FIGS. 1 and 2. The coating 33 can thus
be subdivided into a region 37 along the stop surface 39 and
a region 38 along the electrode shank 36.

The electrodes 4', 4", 4" are made of an electrically
conductive material, preferably a corrosion-resistant metal,
especially preferably steel, in particular a steel of grade
1.4435 and/or 1.4455. They are preferably rotationally sym-
metrical.

The electrodes 4', 4", 4" shown 1n FIGS. 1-3 can be used
both as measuring electrodes or as EPD electrodes.

The electrically insulating coating of the electrodes of
FIGS. 1-3 can be embodied as an epoxy resin-based coating,
as a silicone-based coating, or preferably as a polyamide-
based coating, 1n particular a PAl1l- and/or PAl12-based
coating.

An epoxy resin-, silicone-, or polyamide-based coating
means that at least 50 wt. %, preferably at least 80 wt. % of
the respective polymer i1s contained in the coating. The
polymer 1s thus the main component of the coating 13, 23,
or 33.

A PA11/12 polyamide which 1s known under the trade
name Rilsan 1s particularly preferred as the polyamide.

The measuring tube can be embodied as a ceramic tube,
a plastic tube, or as a metal tube with an electrically
insulating lining. In particular, the lining can thereby also be
based on an epoxy resin or on a polyamide, preferably on a
PA11 and/or PA12, 1n particular on Rilsan.

The Shore hardness of the coating should be less than or
equal to the Shore hardness of the entire measuring tube 1n
the event of a plastic tube or of a ceramic tube, or of the
lining 1n the event of a metallic support tube.

Specifically, a Shore hardness of Shore D less than or
equal to 75 1s recommended for the coating 13, 23, 33.

The average layer thickness of the coating 13, 23, 33 may
advantageously be greater than 300 um 1n order to achieve
an electrical insulation. An advantageous average layer
thickness of the coating 1s particularly preferably between
320 and 1000 pm.

The layer thickness of the coating 13, 23, 33 preferably
and advantageously has a uniform layer thickness distribu-
tion both 1n the region of the stop surface and 1n the region
of the electrode shank. A umiform layer thickness varies by
less than 15%, preferably by less than 10%, between the
maximum or minimum and the average layer thickness.

The coating 13, 23, 33 can be materially bonded to the
first material of the measuring tube. A material bond can be
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achieved by an adhesive or by fusion bonding. For example,
the latter can be achieved by a laser treatment.

A series of functional coatings are formed in multiple
layers. The present coating 13, 23, 33 can be arranged as a
single-layer coating on the electrode in a manner that 1s
cost-eflective and ethicient 1n terms of manufacturing tech-
nology.

The invention claimed 1s:

1. A magnetically inductive tlow meter, the tflow meter
comprising;

a measuring tube including a measuring tube wall, which
includes an electrically insulating surface made of a
first material; and

an electrode including an electrode end surface configured
for tapping off a measuring signal 1n a measuring
medium and an electrode shank, which extends through
an opening 1n the measuring tube wall along an elec-
trode axis, wherein the electrode includes a stop that
projects from the electrode shank, the stop including a
stop surface structured to limit the displaceability of the
clectrode along the electrode axis and relative to the
measuring tube wall,

wherein the electrode includes an electrically insulating
coating on at least that portion of the electrode shank
which 1s disposed within the opening in the measuring
tube wall and on at least a portion of the stop surface,
and wherein the matenial of the coating has a Shore
hardness that 1s lower than the Shore hardness of the
first material.

2. The flow meter of claim 1, wherein the measuring

signal 1s a measurement voltage.

3. The flow meter of claim 1, wherein the measuring tube
has an 1mpression for receiving the electrode.

4. The flow meter of claim 1, wherein the coating com-
pletely covers the stop surface.

5. The flow meter of claim 1, wherein the stop surface 1s
a part ol a medium-contacting electrode head of the elec-
trode.
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6. The flow meter of claim 5, wherein the electrode head
includes the electrode end surface, wherein the electrode
head 1s rounded 1n a region of the electrode end surface.

7. The tlow meter of claim 1, wherein the measuring tube
wall includes a metallic support tube and the electrically
isulating surface includes an electrically sulating lining.

8. The flow meter of claim 1, wherein the coating 1s an
epoxy resin-based coating, a silicone-based coating, or a
polyamide-based coating.

9. The flow meter of claim 1, wherein the coating 1s a
polyamide-based coating, including a PA11 and/or PA12
based coating.

10. The flow meter of claim 1, wherein the first material
of the measuring tube 1s an epoxy resin-based material, a
ceramic material, or a polyvamide-based matenial.

11. The flow meter of claim 1, wherein the first material
of the measuring tube 1s a polyamide-based material, includ-
ing a PAll-based and/or PA12-based material.

12. The flow meter of claim 1, wherein the Shore hardness
of the coating 1s less than 75 Shore D.

13. The flow meter of claim 1, wherein the electrode 1s
fixed to the measuring tube by a resilient fixture.

14. The flow meter of claim 1, wherein the coating has a
thickness greater than 300 um.

15. The flow meter of claim 1, wherein the stop surface
extends perpendicular to the electrode axis.

16. The tlow meter of claim 1, wherein the stop surface
extends radially with respect to the electrode axis, wherein
the electrode has a conical form 1 a region of the stop
surface.

17. The flow meter of claim 1, wherein the coating 1s
materially connected to the first material of the measuring

tube.
18. The flow meter of claim 1, wherein the coating 1s

disposed as a single layer on the electrode.
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